This paper addresses the changes in the morphology and sedimentology of a micro-tidal mixed sand and gravel beach (Playa Granada, southern Spain) forced by wave and water-level variations, and human intervention through nourishment. Monthly and storm event-driven beach surveys, consisting of topographical measurements and sediment sampling in two selected areas, were carried out over a one-year period. Three prevailing sediment fractions (sand, fine gravel and coarse gravel) and two end-member morphological states of the upper beach profile (convex with multiple berms and concave with a single storm berm) were identified. Between them, several transitional profiles were formed, characterized by developing berms that progressively overlapped, generating sediment variability both across the beach profile and with depth. The results indicate that the total run-up (including water-level) reached during an event represents a more accurate threshold for differentiating between erosional and depositional conditions than wave height. They also suggest that mixed sand and gravel beaches recover faster from storm erosion than sandy beaches. The long-term benefit of the artificial nourishment that took place at the end of the * Corresponding author. E-mail address: rbergillos@ugr.es (R.J. Bergillos)
This stretch of beach exhibits a broader range of sediment sizes (Losada et al.,
Field surveys
Field surveys were performed from October 2013 to September 2014 (here-102 after referred to as the study period). To analyse the beach morphological 103 evolution, two study areas within the study site were selected (Figure 2 ) to 104 ensure the results were representative for entire beach section.
105
Monthly periodic field surveys were performed during the study period, con-106 sisting of topographic and sediment sizes measurements of the beach profile. In 107 addition, several specific surveys were carried out before and after two signifi- Type of Survey  P  P  P  S  S  P  P  S  S  10  11  12  13  14  15  16  17  18  19  31/3 25/4 19/5 2/6 13/6 17/6 25/6 24/7 21/8 19/9 P P P S S S P P P P Table 1 : Timeline of the periodic (P) and specific (S) surveys carried out during the study period.
The topography was recorded with a highly accurate DGPS (Javad Maxor)
117
with no more than 2 cm of both horizontal and vertical instrument errors.
118
Previously, the geodesic coordinates of the vertex 105582 Punta del Santo were 119 moved to the positions of the GPS-base in the study areas. Ten profiles were 120 measured at each study area to obtain an alongshore-averaged profile to reduce size nomenclature according to Wentworth (1922) . for T p (for the Mediterranean) has been exceeded 0.24% of the time since 1958.
194
The prevailing wind velocity was less than 10 m/s with incoming directions rates were most likely higher.
264
The profiles of both study areas were flattened due to the artificial nour- respectively. The slope of the replenished profiles was slightly milder than those 268 of the pre-nourished beach, but higher than the slope under low energy condi-269 tions ( Table 2 ). The sediment volume of the replenished profiles was greater 270 than that of most natural profiles, although the width was similar to those of 271 the natural profiles under low energy conditions (Table 2 ). to appear due to the total run-up attained during this period (Figures 5 and 6 ).
278
Between surveys 17 and 18, the profile shape also changed significantly in after the discharge of sediments could be another cause of this lower variation.
283
However, not only wave processes, but also the gusts of wind after the nourish- Altogether, the beach width in study areas 1 and 2 decreased by approxi-288 mately 4% and 6% in the months after the nourishment, respectively, whereas 289 the unit volume loss was 6.2 m 3 /m in study area 1 and 9.8 m 3 /m in study area 5. Thus, the long-term benefit of the nourishment was very limited. The average grain size distribution (based on all sediment samples) before cross-shore variability, different levels of gradation at depth were also found.
303
The sand-gravel ratio limits were 30 − 70% and 36 − 64% in study area 1, and 304 33 − 67% and 23 − 77% in study area 2.
305
The nourished material (Figure 8a ), shown in Figure 7b , was significantly tively. Therefore, the reduction in the percentage of sand was higher in study 313 area 2, where the unit volume loss was also higher (Table 2 ). entire upper profile for study area 1 is larger than for study area 2 (Table 3) . from the low energy state to the storm state (Table 3) .
350
Considering the total number of samples taken after the two storms (18) by another storm. Figure 5 shows that the erosion/deposition rates were higher 367 in the foreshore, where the measured sediment variability was also higher (Table   368 3). This is consistent with the conceptual model presented in Figure 11 , which 369 suggests that the number of berms depends on the state of the profile and varies 370 during the recovery process. (Figure 12a ). Hence, beach erosion took place not only 377 during both storms, when overwashing of the entire beach occurred; but also 378 before surveys 2, 6 and 11, when the upper berm was overwashed.
379
Although the total run-up was similar in both study areas and the ero- for the different levels of grain size gradation at depth and cross-shore ( Figure   404 11), that is, the evolutionary pathway is responsible for the beach stratification,
405
being the morphological evolution partly stored in the stratigraphy. However,
406
the results indicate that not only wave height, but also storm surge is important
407
for the destruction of berms on micro-tidal beaches.
408
The storm berm and the bar feature observed following the storms resemble 
421
The evolution of both study areas was similar during the study period (Fig-422 ures 5 and 12), indicating that they are representative of the beach behaviour : From top to bottom: maximum deep-water wave height before each survey; astronomical tide (black), storm surge (grey) and wave run-up (red: study area 1, blue: study area 2) contributions to the maximum total run-up before each survey; unit volume of the upper profile (red: study area 1, blue: study area 2); and differences between the profile in each survey and the average profile in study area 1. States of the profile, according to Figure 11 , are shown. 
